Structural and catalytic properties of oxidized and reduced chloroplast NADP-malate dehydrogenase upon denaturation and renaturation.
Chloroplast NADP-dependent malate dehydrogenase exists in two interconvertible forms: the inactive disulfide-containing form and the active dithiol form. No major difference in secondary structure or conformation was found between the oxidized and the reduced enzyme as determined by circular dichroism and intrinsic protein fluorescence. The guanidine/HCl-dependent unfolding of the enzyme is characterized by two transition midpoints: those of the reduced enzyme are lower by about 0.2 M guanidine/HCl compared to the oxidized enzyme. As shown by analytical ultracentrifugation, there was no effect of guanidine/HCl concentrations up to 0.25 M on the quaternary structure of the enzyme in its oxidized and reduced forms: both sedimentation coefficient (S20,w = 4.9 +/- 0.1 S) and sedimentation equilibrium (75 +/- 3 kDa) yield the dimer. In the oxidized state the enzyme undergoes guanidine-dependent dissociation to the monomer with a midpoint of transition at 0.5 M. The kinetics of unfolding were found to be significantly faster for the reduced than for the oxidized enzyme. Renaturation and reactivation of reduced enzyme was more rapid and occurred with higher yields (100%) than for the oxidized enzyme (60-80% yield). Furthermore, the effect of denaturants on catalytic activity, and reductive activation of the oxidized form, were studied. Both increase in protein fluorescence and a stimulatory effect on the activities at low guanidine/HCl concentrations were observed for the oxidized and the reduced form of the enzyme. Denaturants increase the rate of reductive activation of NADP-malate dehydrogenase.